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By Robert I. Sammonds and Robert M. Reynolds 

SUMMARY 

An investigation has been conducted to determine the effect of 
rotation on the internal flow and force characteristics of an NACA 
1-series E-type cowl^ designed to operate with a four-blade single- 
rotation propdller. Pressure recovery, internal flow angle, cowl-gap 
and duct flow, thrust, and torque were measured for the cowling with- 
out a propeller at Mach numbers from 0.20 to 0.84, inlet velocity ratios 
from 0.19 "to 0.93^ Q^nd advance ratios (based on a model propeller diam- 
eter of 4 feet, equivalent to a ratio of cowl diameter to propeller diam- 
eter of 0.29) from 0.75 to 5.06. Included are results of surveys of the 
local velocity distribution in the propeller plane. All tests were con- 
ducted with the model, without a propeller, at an angle of attack of 0° 
and at a Reynolds number of 1.72 million, based on the maximum diameter 
of the cowl. 

A ram-recovery ratio of about 0.99 was obtained at the design Mach 
number of O.80 when the cowl was operated at its design inlet velocity 
ratio and rotational speed (internal blade-shank fairings operating near 
zero lift). As would be expected, operation of the cowling so that the 
blade-shank fairings were at positive angles of attack (any combination 
of inlet velocity ratio and advance ratio, regardless of Mach number, 
whose product is less than that for the design inlet velocity ratio and 
advance ratio) resulted in higher recoveries than for the corresponding 
zero-lift condition of operation, due to the pumping action of the blade- 
shank fairings. However, this increase in recovery was accompanied by 
an increase in the power required to rotate the cowl and by large changes 
in the internal flow angle, up to angles greater than 40° in some con- 
ditions . 

Ram-recovery ratio was relatively uniform across the duct, with var- 
iations of less than 4 percent at inlet velocity ratios below 0.40. 

The thinast of the E-cowl was due primarily to the pressure forces 
on the inner and outer surfaces of the cowl, and the pressure forces on 
the spinner and the thrust forces of the blade -shank fairings were 
relatively small. 
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irJTRODUCTION 


The successful application of the turbopropeller powerplant is^ in 
part^ dependent on the efficient handling of the air required by the tur- 
bine engine (ref. 1). An efficient induction system must handle large 
quantities of air with high recovery ratios and relatively uniform radial 
and circumferential distributions of flow. 

Previous investigations into the efficiency of air induction systems 
for turbine -propeller installations have included studies of a nonro- 
tating NACA E-type cowling (ref. 2) and several MCA D-type cowlings in 
combination with both single- and dual-rotation propellers (refs. 3 to 6) 
These investigations have been made at both low and high subsonic speeds 
to determine the internal flow characteristics of these types of cowls. 

The purpose of the present investigation was to study the effect of 
cowl rotation on the internal flow characteristics and the forces on an 
MCA 1-series E-type cowl designed to operate with a four-blade single- 
rotation propeller. The tests were conducted in the Ames 12-foot pres- 
sure wind tunnel at Mach numbers up to 0.8^ for various inlet velocity 
and advance ratios to determine the relationship of these parameters to 
the flow characteristics in the duct and through the cowl gap^ and to the 
thinst and power requirements of the rotating cowl. Surveys were also 
made to determine the radial velocity distribution in the propeller plane 


SYMBOLS 


A cross-sectional area in a plane perpendicular to the model 



center line 

a 

speed of sound 

Cd 

external drag coefficient, 

Cd 

m^ f 

cowl-gap drag coefficient^ (^o “^2 ^ 

Cp 

power coefficient^ — 

Pn^D^ 

D 

propeller diameter 


(Thrust and power coefficients and advance ratio are based 
on a ^-foot diameter^ equivalent to a ratio of maximum cowl 
diameter to propeller diameter of 0 . 29 .) 

F frontal area of cowling 
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H 

average total pressure 

H - Po 
Ho - Po 

ram-recovery ratio 

J 

advance ratio, ^ 

M 

V 

Mach number, — 
a 

m 

mass rate of flow, pAV 

n 

rotational speed 

P 

P - Po 

pressure coefficient, 

uo 

p 

static pressure 

q. 

dynamic pressure, pV^ 

2 

r 

radius from center of rotation 

Tc 

. ^ thrust 

thrust coefficient , 

U 

local velocity in propeller plane 

V 

air-stream velocity 

Va’ 

calculated cowl-gap velocity, assuming expansion to Po 

Xi 

Vo 

inlet velocity ratio 

Wa 

weight rate of flow, gpAV 

P 

angle of the chord of the blade-shank fairing with respect to 
the propeller plane of rotation 

e 

internal flow angle, the angle of the resultant of the axial 
and tangential velocity components of the flow in the duct 
with respect to the axial component of the flow 

p 

mass density of air 
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Subscripts 


The numerical subscripts refer to stations shown in figure 1. 

0 free stream 

1 cowling inlet 

2 cowl -gap exit 

3 ram-recovery rake location 


MODEL 


The E-type cowling which was investigated was designed to rotate 
with a four-blade single-rotation propeller and consisted of an NACA 
I- 5 I-II 7 external cowl and an NACA l-4l. 43-042. 86 internal spinner inter- 
connected by four propeller -blade -shank fairings having NACA 0030-34.5 
sections. A sketch of the general model arrangement showing the prin- 
cipal model dimensions, the geometry of the gap between the rotating and 
stationary portions of the cowl, and the variation of duct area with 
longitudinal station is presented in figure 1. Coordinates for the inter 
nal and external contours of the model are listed in table I. The design 
information for the model is given in reference 2. A photograph of the 
model mounted on the 1000-horsepower dynamometer in the Ames 12-foot pres 
sure wind tunnel is shown in figure 2. 

The model, back to I 6.38 inches behind the leading edge of 'the cowl, 
was identical to the nonrotating E-cowl described in reference 2, except 
for the addition of twist to the blade-shank fairings and for a small 
<3-ifference in the cowl-gap dimensions. (Gap area of the nonrotating cowl 
was about 10 percent larger than the gap area of the rotating cowl due to 
difficulties encountered in assembling the nonrotating model.) The gap 
for the rotating cowl was designed to provide for a leakage air flow 
through the gap equal to 17 percent of the flow through the inlet at the 
design condition. The twist of the NACA 0030-34.5 blade-shank fairings, 
listed in table II and shown in figure 3^ was such as to provide approx- 
imately zero lift (assuming the flow at the blade-shank fairings was in 
the axial direction and that the velocity was uniform across the duct) at 
the design conditions of a Mach number of O. 80 , an advance ratio of 3 . 7 , 
and an inlet velocity ratio of 0 . 3 . 

The instnamentation of the model consisted of total- and static - 
pressure tubes in the cowl gap (station 2, fig. l), and total-pressure, 
static -pressure, and yaw rakes in the duct (station 3, fig. l). 
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The six total- and six static -pressure tubes in the cowl gap were 
spaced alteinately 30 ^ apart, at a measuring station 9*85 inches behind 
the leading edge of the cowl. The four shielded total-pressure rakes at 
station 3 ane shown in figure 3- Each consisted of nine tubes disposed 
radially across the duct in such a manner that each tube was in the center 
of an area equal to one-thirty-sixth of the total duct area. Calibration 
of the total -pres sure rakes indicated that the rakes were accurate within 
1 percent of the impact pressure at angles of attack up to kO for Mach 
numbers up to 0.85* The two static -pres sure rakes at station 3 each con- 
sisted of nine tubes disposed radially across the duct, with the tubes 
being located at the same radial stations used for the total-pressure rake 
No attempt was made to calibrate the static rakes as they were considered 
to have the acciiracy required for the calculation of the inlet velocity 
ratio. 

The yaw rake at station 3 consisted of five yaw heads (fig. dis- 
posed radially across the duct in such a manner that each yaw head was in 
the center of one of five concentric rings of equal area. 

The static-pressure rake used to survey the air stream in the propel- 
ler plane consisted of 2k static-pressure tubes at the radii listed in 
table III. 


TESTS AND REDUCTION OF DATA 


In the investigation reported herein, measurements were made of the 
pressure recoveries and flow angles in the duct, of the flow through the 
duct and the cowl gap, and of the thrust and torque of the rotating cowl 
operating without a propeller. Tests were conducted through the range of 
Mach numbers, inlet velocity ratios, and rotational speeds tabulated below 


Mach Inlet velocity Advance 


number, ratio, 

Mo Vi/Vo 


ratio, 

Vo/nD 


0.20 

0.20 

to 

0.93 

0.75 

to 

3.01 

.30 

.23 

to 

.88 

1.12 

to 

3.04 

.40 

.24 

to 

.86 

1.50 

to 

4.00 

.60 

.21 

to 

.82 

2.21 

to 

4.98 

• 70 

• 19 

to 

.78 

2.63 

to 

4.95 

.80 

.21 

to 

.74 

2.97 

to 

5.00 

.84 

.20 

to 

.72 

3.08 

to 

5.06 
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Measurements of the local velocities in the propeller plane were made 
with the cowl at a constant rotational speed (2,000 rpm) and for inlet 
velocity ratios ranging from 0.19 to 0.9^ Q-nd for Mach numbers from 0.20 
to 0.84. 

All tests were conducted with the model, without a propeller, at an 
angle of attack of 0^ and at a Reynolds number of 1*72 million, based on 
the maximum diameter of the cowl. 

The free-stream Mach number used in this report was taken as the 
average Mach number over the disc area within a 4-foot diameter, as deter- 
mined by velocity surveys reported in reference 7* The Mach number was 
corrected for the wind-tunnel blockage due to the cowl by the method of 
reference 8, but in no case did this correction exceed 1 percent. 

The advance ratio was calculated using a diameter of 4 feet in order 
to permit comparison of the force data with those in reference 9* 

The inlet velocity ratio, calculated in accordance with the method 
of reference 10, can be readily converted to mass-flow ratio by use of 
figure 4 of reference 10. 

In the cases where ram-recovery ratio is presented as a function of 
radial location in the duct, the ram-recovery ratio at any radius is the 
arithmetic average of the recoveries at the four total-pressure tubes at 
that radius. All other values of ram-recovery ratio were computed from 
an arithmetic average of the readings from all 38 total-pressure tubes, 
which is equivalent to an area -weighted average. 

The drag coefficient due to the momentum loss in the air flow through 
the cowl gap was computed assuming that the flow in the gap discharged to 
free-stream static pressure. In other words, the exit velocity (V^’ ) was 
computed using free-stream static pressure (po) and local total pressure 
(H^ ) • 


The flow angle in the duct was computed from the differential pres- 
sure across the yaw head, using a calibration relating the differential 
pressure to the angle of flow. However, in order to know the true angle 
of flow in the duct, the yaw head in the duct must have the same aline- 
ment with the undisturbed air stream as it had for the calibration. Due 
to the difficulty of alining the yaw heads with the axis of rotation, it 
was found that at the design condition of inlet velocity ratio and advance 
ratio, the individual yaw heads indicated flow angles which varied in a 
random manner across the duct and had values ranging from 0^ to 5^ with 
an average value of 2^. In order to provide a base value from which to 
measure flow angles at the various radial stations, it was assumed that 
the flow angles were 0^ at the design condition of near zero lift on the 
blade-shank fairings. The angles presented throughout the report are 
thus the difference between the indicated angle at any given condition 
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and the indicated angle for the design condition. The angle was con- 
sidered to be positive when the direction of the flow rotation and the 
cowl rotation were the same'. The cowl rotation was counterclockwise when 
viewed looking downstream. 

A calibration of the yaw rake was made for angles of yaw from -20° 
to +20° at ^ch numbers up to 0.84. During tests of the rotating cowl 
at combinations of low inlet velocity ratios and low advance ratios at 
low Mach numbers^ angles in excess of the calibration limits were indi- 
cated, making necessary an extrapolation of the results of the calibra- 
tion to angles in excess of 40°. The calibration curves for a similar 
type of yaw head (ref. 11) show that a linear extrapolation of the cali- 
bration data to an angle of 40° resulted in indicated angles that were 
high by about 10 percent. Granted the initial assumption of zero flow 
angle for the design condition, the accuracy of measurement of the flow 
angles is considered to be within ±1° for flow angles between 120°. For 
flow angles in excess of 20°, the angles measured are probably high by 
approximately 10 percent. 

The thinst, torque, and rotational speed of the cowl were measured 
on a dynamometer in a manner similar to that reported in reference 7* 

As presented herein, the thrust is the resultant longitudinal force pro- 
duced by the spinner-cowling combination with the average static pres- 
sure in the duct (station 3) as the pressure assumed to be acting on the 
maxim-urn cross-sectional area of the spinner. These pressures are shown 
in coefficient form in figure ^ as a function of inlet velocity ratio. 

It may be noted that propeller-shaft tension may be obtained by subtract- 
ing from the thrust values the product of these static pressures and the 
cross-sectional area of the propeller shaft. 

The analysis of the accuracy of the thrust measurements, presented 
in reference 7, indicated that the error in the indicated thrust was, for 
the most part, less than 1 percent of the applied load. The torque of 
the rotating cowl, however, was less than 2.5 percent of the capacity of 
the torquemeter and the measured torque is not considered to be as accu- 
rate as the data presented in reference 7 • 

The local velocities in the propeller plane were calculated using 
the measured local static pressure and free-stream total press-ure and were 
corrected for the rake calibration and for the radial velocity gradient in 
the tunnel (ref. 7) due to the influence of the dynamometer body. 


RESULTS 


The ram-recovery ratios obtained at station 3 various Mach num- 
bers, inlet velocity ratios, and advance ratios are presented in figure 6 
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as a function of advance ratio ^ in figure 7 as a function of inlet 
velocity ratio, and in figure 8 as a function of radial station. Ram- 
recovery ratios for the nonrotating E-type cowl (ref. 2) and an NACA 
D-type cowl (ref. 3 ) are included in figure 7 for comparison. 

The total and static pressures in the gap (station 2) between the 
rotating and stationary portions of the cowling are presented in figure 9 
as ratios (gap to duct total pressures) and pressure coefficients for 
selected Mach nmbers and advance ratios . The drag coefficient due to 
the momentum loss in the air flow through the cowl gap for the rotating 
cowl is compared in figure 10 with similar results calculated for the non- 
rotating cowl and with the external drag of the nonrotating cowl (from 
ref. 2). The ratio of the weight rate of flow through the cowl gap to 
the weight rate of flow at the inlet for the rotating cowl is compared 
in figure 11 with similar results (from ref. 2) for the stationary cowl. 

The internal flow angles at station 3 for various Mach numbers^ 
inlet velocity ratios , and advance ratios are presented in figure 12 as 
9- function of advance ratio^ in figure 13 as a function of inlet velocity 
ratio, and in figure l4 as a function of radial station. 

The thrust and power coefficients for the rotating cowl are pre- 
sented in figure 15 for selected Mach numbers and advance ratios. 

The distribution of velocity in the propeller plane is listed in 
table III and is presented in figure l6 for a few typical Mach numbers 
and inlet velocity ratios . 


DISCUSSION 

Internal -Flow Characteristics 


Ram recovery .- It can be shown, with reference to the velocity dia- 
gram given in figure 17 , that a change in either the advance ratio or 
the inlet velocity ratio will result in a change in the angle of attack 
at which the blade-shank fairing is operating, and it can be seen from 
figure 15 (d) that an increase in the angle of attack of the blade-shank 
fairings is accompanied by an increase in the power required to rotate 
the cowl. With the blade sections operating in the duct, as is the case 
with an E-cowl, any change in thrust due to a change in angle of attack 
and power will be accompanied by a change in pressure recovery. This can 
readily be seen in figure 6 where the data show that either decreasing 
inlet velocity ratio, for a constant advance ratio, or decreasing advance 
ratio, for a constant inlet velocity ratio, generally resulted in an 
increase in the recoveries at station 3 as a result of the pumping action 
of the blade-shank fairings. However, operation of the blade-shank fair- 
ings at negative angles of attack (a combination of high inlet velocity 
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ratio and high advance ratio) or in a stalled condition at high positive 
angle of attack (a combination of low inlet velocity ratio and low advance 
ratio) would be expected to result in large losses in recovery. The 
losses in pressure recovery at negative angles of attack are due to the 
blade-shank fairing operating as a turbine and absorbing energy from the 
air stream. This effect is also readily apparent in figure 6. 

The effect of rotation on the recoveries at station 3 is shown in 
figure 7^ where the recoveries for both the rotating and stationary 
E-cowls are compared. At the design condition (M = 0.8; Vi/Vq = 0.3^ 

J = 3 - 7 ) which the blade-shank fairings were designed to operate at 
approximately 0^ angle of attack; the recoveries for the two configura- 
tions were in good agreement. At any other zero-lift condition, where 
the product of inlet velocity ratio and advance ratio equaled the product 
of the design inlet velocity ratio and advance ratio (Vi/nD = 1.11; see 
fig. 17)^ the recovery for the rotating E-cowl was also in good agreement; 
regardless of Mach number; with that for the stationary model. For the 
reasons explained previously with regard to figure 6, operation of the 
blade-shank fairings at positive angles of attack (Vi/nD<l.ll) resulted 
in higher recoveries for the rotating cowl; conversely; operation of the 
blade -shank fairings at negative angles of attack (Vi/nD >1.11) resulted 
in lower recoveries than those for the stationary cowl. 

A comparison of the recoveries obtained with the rotating E-cowl and 
those obtained with the D-cowl of reference 3 shows that; at the respec- 
tive design conditions (M = 0-8; J = 3*7^ Vi/Vq = 0.30 for the E-cowl; 

M = 0.8; J = 3.7; Vi/Vo = 0.42 for the D-cowl); the E-cowl recoveries were 
higher by about 13 percent (fig. 7)- It should be noted in comparing the 
recoveries for the E- and D-type cowls that the design inlet velocity 
ratio for the D-type cowl was somewhat below the optimum value. (Optimum 
inlet velocity ratio is at the knee of the recovery curve of figure 7 • ) 

If; on the basis of the data in reference 3^ the D-type cowl-spinner com- 
bination had been redesigned so that it operated at a more favorable 
inlet velocity ratio ; the difference in performance of the two types of 
cowls would probably have been decreased. It can also be seen from 
figure 7 that the effect of inlet velocity ratio on the pressure recov- 
eries was reversed for the two types of cowls. It may be noted that the 
D-cowl tests were made with an operating propeller; whereas the E-cowl 
tests were made without a propeller. However; the addition of a propel- 
ler is not expected to result in any large changes in the internal flow 
characteristics of the E-cowl. 

As shown in both figures 6 and 7^ average ram-recovery ratios in 
excess of 90 percent were obtained throughout the range of the tests ; 
with a recovery of 99 percent being obtained at the design condition. 

The pressure recovery (fig. 8) was relatively uniform across the 
duct. Variations of less than 4 percent occurred at inlet velocity 
ratios below 0.4. At inlet velocity ratios above 0.4; the recoveries 
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remained relatively uniform over the midportion of the duct but decreased 
quite rapidly at both the inner and outer surfaces • The static pressures 
measured in the duct at station 3 were also nearly uniform across the 
duct for all of the test conditions . 

Cowl -gap flow .- Comparison of the data on cowl-gap flow for the rota- 
ting and stationary E-cowl models shows that generally greater losses 
occurred in the gap of the rotating cowl (fig. 9(c)) as a result of the 
combined effects of the smaller gap dimensions and the rotation of the 
cowl. It can also be seen from figure 9(c) that the effect of Mach mmi- 
ber on the ratio of the total pressure in the gap to the total pressure 
in the duct was more pronounced for the rotating cowl. Losses in total- 
pressure ratio up to 30 percent occurred at high inlet velocity ratios 
and high Mach numbers. Pressure coefficients in the cowl gap (fig. 9(d)) 
were slightly lower for the rotating cowl than for the stationary cowl, 
but the effect of inlet velocity ratio on the pressure coefficients was 
about the same for both cowls. The effect of rotation on the total- 
pressure ratio (fig. 9(a)) and pressure coefficient (fig. 9(b)) for the 
flow in the cowl gap was relatively small at the low Mach numbers but 
became much larger at high Mach numbers and low inlet velocity ratios. 

In order to analyze further the effect of rotation on the losses in 
the cowl gap, calculations were made of the drag due to the momentum loss 
in the air flow through the cowl gap for the rotating cowl and for the 
nonrotatring cowl of reference 2. These data are compared in figure 10 
and show that the momentum losses in the gap of the rotating cowl were 
higher than those for the nonrotating cowl. At the design condition of 
operation, the cowl-gap drag coefficient increased from 0.001 to 0.005. 

It can also be seen from figure 10 that the effect of compressibility 
on the cowl-gap drag coefficient was negligible for the stationary model; 
whereas the drag coefficient for the rotating model increased slightly 
ivLth increasing Mach number. 

Figure 10 also shows a comparison of the cowl-gap drag coefficients 
for the rotating and stationary models with the external drag of the non- 
rotating cowl (from ref. 2). For the nonrotating model, the momentum 
drag of the cowl-gap air flow was approximately 5 percent of the external 
drag of the cowl at the design condition. Similar comparison cannot be 
made for the rotating cowl, since the effect of rotation on the external 
drag of the cowl is not known. 

As shown in figure 11, the variation, with inlet velocity ratio, of 
the ratio of the weight rate of flow through the cowl gap to the weight 
rate of flow through the cowl inlet for the rotating cowl was similar to 
that shown in reference 2 for the nonrotating cowl. However, the weight 
flow ratio for the rotating model was smaller over the entire range of 
inlet velocity ratios at which the model was tested, as a result of the 
smaller gap area (by about 10 percent) used for the rotating model, and 
the increased pressure losses in the gap. At the design condition 
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(M = 0.8, Vi/Vq = 0.3^ J = 3«7) the weight flow ratio for the rotating 
model was about 0.12^ which is considerably lower than either the design 
weight flow ratio (O.IT) or that for the stationary model (0.19^ ref. 2). 

Internal flow angles .- In order to define more fully the flow in the 
duct behind the E-cowl^ measurements were made at station 3 'to determine 
the flow angles caused by the rotation of the cowl. These measurements 
show (figs. 12 to ih) that the flow angle at station 3 "was a function of 
inlet velocity ratio and rotational speed as a result of the change in 
the angle of attack of the propeller-blade-shank fairings^ and that an 
increase in the angle of attack (decrease in inlet velocity and advance 
ratio) resulted in an increase in the flow angle. Further study of 
figure 12 shows that the largest flow angles occurred near the outer sur- 
face of the duct where, at the extreme condition of low inlet velocity 
ratio and high rotational speed, angles in excess of were measured. 

As previously discussed in the section ”Test and Reduction of Data,^^ the 
internal flow angle for the design condition (M = 0.8, Vi/Vq = 0.3^ 
j =: 3.7) was assumed to be zero (fig. 13)* On the basis of this assump- 
tion, figure 13 shows that for any condition when the product of inlet 
velocity ratio and advance ratio was equal to the product of the design 
inlet velocity ratio and advance ratio (Vi/nD = l.ll), the flow angle 
was zero regardless of Mach number. Figure 13 also shows that for a 
given radial station and advance ratio, the effect of Mach mmiber on the 
variation of the internal flow angle with inlet velocity ratio was neg- 
ligible. For a given inlet velocity ratio, the variation of the internal 
flow angle with radial station was small, generally less than 5^^ as 
shown in figure l4. 


Force Characteristics 


The thrust of the rotating E-cowl, presented in coefficient fonn 
in figures 15(a) and (c), consists (aside from the skin-friction forces) 
of the thrust due to the pressure on the cowl and spinner surfaces , and 
the thrust developed by the propeller-blade-shank fairings. It is shown 
from the pressure distributions (ref. 2) over the nonrotating cowl and 
spinner surfaces that, for a given Mach number, the pressure force on 
the cowl was primarily a function of inlet velocity ratio. Also, as pre- 
viously discussed, the thrust force developed by the propeller -blade - 
shank fairings was a function of both inlet velocity ratio and advance 
ratio. In order to ascertain the relative magnitude of these thrust 
forces, an analysis of the pressure forces on the nonrotating cowling 
was made using the pressure distributions presented in reference 2 and 
the spinner-base pressure coefficients given in figure 5« Although this 
analysis gave only qualitative results, the general trend and magnitude 
of the data indicated that the predominant portion of the total thrust 
of the E-cowl was due to the pressure on the inner and outer surfaces of 
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the cowl, and that the pressure forces on the spinner and the thrust 
forces of the blade -shank fairings were relatively small. 

The power coefficients measured for the rotating cowl (figs. 15(b) 
and (d)) were small in comparison to those obtained for the model propel- 
ler of reference 9 , but have been presented to show that the expected 
trend of increasing power coefficient with either increasing rotational 
speed or decreasing inlet velocity ratio was substantiated. 


Velocity Distributions 


Velocity distributions were measured in the propeller plane in order 
to obtain data useful in the design of propellers for use with MCA 
E-type cowls. These data, presented in table III and figure l 6 , show 
that velocities considerably in excess of free-stream velocity occirrred 
near the outer surface of the cowl. At the design condition (M = 0.8, 
Vi/Vo = 0.3} J = 3-T) the velocity at the surface of the cowl exceeded 
the free-stream velocity by about 13 percent. The effect of inlet veloc- 
ity ratio on the local velocity ratio was small for the test range of 
Mach numbers and inlet velocity ratios . 


CONCLUDING REMARKS 


The following simimarlzing remarks may be made regarding the results 
of the subject investigation: 

Operation of the rotating cowl at advance ratios and inlet velocity 
ratios whose product equaled that for the design inlet velocity ratio 
and advance ratio (blade -shank fairings at near zero lift condition) 
resulted in ram-recovery ratios of O .98 or better. At any condition of 
operation (regardless of Mach number) where the product of inlet velocity 
ratio and advance ratio was less than that for the design condition, the 
ram-recovery ratio was greater than that for the corresponding zero lift 
condition, due to the pumping action of the blade-shank fairings. However, 
this increase in recovery was accompanied by an increase in the power 
required to rotate the cowl and by large changes in the internal flow 
angles, up to angles greater than k 0 ° in some conditions. Conversely, 
operation of the cowl at inlet velocity ratios and advance ratios whose 
product was greater than that for the design condition resulted in lower 
recoveries, negative flow angles, and decreased power coefficients due 
to the blade-shank fairings operating as a turbine and absorbing energy 
from the internal flow. 

Ram-recovery ratio was relatively uniform across the duct with vari- 
ations of less than 4 percent at inlet velocity ratios below 0.40. 
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The ratio of the weight rate of flow through the cowl gap to the 
weight rate of flow through the cowl inlet increased with decreasing 
inlet velocity ratio but was practically unaffected by rotational speed 
and only slightly affected by Mach number* For the design condition^ 
the weight flow ratio was 0.12 as compared to the design value of 0.17* 

The thrust of the E-cowl was due primarily to the pressure on the 
inner and outer surfaces of the cowl^ and the pressure forces on the 
spinner and the thrust forces of the blade -shank fairings were relatively 
small . 

For the design condition^ the local velocity in the propeller plane 
exceeded the free-stream velocity by as much as 13 percent near the outer 
surface of the cowl. The local velocity ratios^ however^ were not greatly 
affected by either inlet velocity ratio or Mach number. 


Ames Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Moffett Field, Calif., July ik, 195^ 
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TABLE I.- COWLING-SPINNER COORDIMTES 
[Coordinates in inches] 


Distance 

from 

leading edge 
of cowl 
(x) 

MCA 

1-51-117 

cowl, 

radius 

(ro) 

Outer 

duct, 

radius 

(ri) 

NACA 

1 - 41 . 43 - 042. 86 
spinner, 
radius 

(^s) 

0 

3 . 65 *^ 

3.654 

_ _ _ 


4.083 

3.530 

- - - 

.50 

4.271 

3 . 51 ^^ 

0 

.75 

4.429 

3.571 

.633 

1.00 

4.567 

3.639 

.945 

1.50 

4.8o4 

3.779 

1.390 

2.00 

5.007 

3.910 

1.715 

2,50 

5.184 

4.054 

1.983 

3.00 

5.339 

4.239 

2.210 

3.25 

5.412 

4.343 

2.309 

3.50 

5.480 

4.452 

2.399 

4.00 

5.610 

4.678 

2.559 

4.50 

5.731 

4.837 

2.683 

5.00 

5.844 

4.943 

2.779 

5.50 

5.951 

5 .oo 4 

2.849 

6.00 

6.051 

5.023 

2.887 

6.50 

6 .i 45 

5.004 

2.900 

7.00 

6.233 

4.952 

2.900 

7.50 

6.316 

4.874 

2.900 

8.00 

6.392 

4.773 

2.900 

8.50 

6.465 

4.654 

2.900 

8.75 

6.501 

4.590 

2.900 

9.75 

6.627 

4.360 

- - _ 

9.97 

6.651 

4.360 

_ - _ 

10.00 

^6.568 

4.360 

- _ _ 

10.50 

"•6.665 

4.360 

_ _ _ 

11.00 

^6.744 

4.360 

- _ _ 

11.50 

6.801 

4.360 

_ _ _ 

12.00 

6.841 

4.360 

_ _ _ 

12.50 

6.876 

4.360 

- _ - 

13.00 

6.906 

4.360 

- - - 

13.50 

6.932 

4.360 

- - - 

14.00 

6.954 

4.360 

- - - 

14.50 

6.973 

4.360 

- - - 

15.00 

6.987 

4.360 

- - - 

15.50 

6.996 

4.360 

- - - 

16.00 

7.000 

4.360 

- - _ 

16.38 

7.000 

4.360 

1 


^These radii which form the cowl-gap exit are 
smaller than the NACA 1 -series radii. 
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TABLE II.- BLADE-SHANK FAIRING COORDINATES AND TWIST 


Coordinates 

Twist 

Distance 

Distance 

Radius from 
center of 

Angle from 
plane of 

in. 

y } 

in. 

rotation ; 
in. 

rotation ; 
P, deg 

0 

0 

2.1 

76.1 

.07 

.152 

2.2 

75.4 

.14 

.222 

2.4 

74.2 

.28 

.325 

2.6 

72.9 

.42 

.407 

2.8 

71.7 

.56 

.475 

3-0 

70.5 

.84 

.586 

3.2 

69.3 

1.12 

.670 

3.4 

68.1 

1.68 

.782 

3.6 

67.0 

2.24 

.834 

3.8 

65 .8 

2.52 

.840 

4.0 

64.7 

2.80 

.834 

4.2 

63.6 

3.36 

.786 

4.4 

62.6 

3.92 

.682 

4.6 

61.5 

4.48 

.524 

4.8 

60.5 

5 -o 4 

.303 

5.0 

59.5 

5.32 

5.60 

.168 

.017 

5.2 

58.5 
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TABLE III.- LOCAL VELOCITY RATIO IN THE PROPELLER PLANE; U/V 


Radial 

station. 


Mo = 0.20 


Mo = 0.40 


Mq * 0.60 


Inlet velocity ratio 


Inlet velocity ratio 


Inlet velocity ratio 


In. 

0.23 

0.32 

0.40 

0.56 

0.73 

0.87 

0.94 

0.30 

0.40 

0.55 

0.72 

0.86 

0.20 

0.29 

0.38 

0.70 

0.81 

6.30 

1.094 

1.094 

1.095 

1.085 

1.080 

1.075 

1.069 

1.101 

1.096 

1.089 

1.084 

1.079 

1.114 

i.m 

1.104 

1.093 

1.092 

6.55 

1.094 

1.094 

1.095 

1.085 

1.080 

1.075 

1.074 

1.101 

1.099 

1.089 

1.086 

1.081 

1.116 

1.112 

1.105 

1.095 

1.093 

6.80 

1.093 

1.093 

1.089 

1.084 

1.074 

1.074 

1.068 

1.094 

1.091 

1.081 

1.079 

1.076 

1.106 

1.102 

1.097 

1.085 

1.085 

7.05 

1.078 

1.078 

1.079 

1.069 

1.064 

1.059 

1.058 

1.080 

1.083 

1.070 

1.067 

1.062 

1.099 

1.090 

1.086 

1.076 

1.074 

7.30 

1.078 

1.078 

1.079 

1.069 

1.064 

1.059 

1.058 

1.083 

1.085 

1.072 

1.067 

1.062 

1.099 

1.088 

1.086 

1.074 

1.074 

7.80 

1.062 

1.062 

1.058 

1.053 

1.048 

1.048 

1.042 

1.067 

1.067 

1.060 

1.055 

1.051 

1.088 

1.080 

1.073 

1.062 

1.061 

8.30 

1.067 

1.062 

1.063 

1.058 

1.048 

1.048 

1.042 

1.065 

1.067 

1.057 

1.055 

1.051 

1.088 

1.074 

1.069 

1.061 

1.061 

8.80 

1.056 

1.056 

1.052 

1.04? 

1.042 

1.042 

1.036 

1.059 

1.056 

1.051 

1.046 

1.04l 

1.080 

1.068 

1.062 

1.055 

1.055 

9.30 

1.046 

1.046 

1.047 

1.042 

1.037 

1.031 

1.031 

1.049 

1.049 

1.041 

1.038 

1.033 

1.069 

1.059 

1.055 

1.047 

1.047 

10.30 

1.040 

1.040 

1.041 

1.036 

1.025 

1.030 

1.025 

1.038 

1.038 

1.033 

1.028 

1.026 

1.059 

1.047 

1.043 

1.036 

1.036 

U.30 

1.029 

1.029 

1.035 

1.024 

1.019 

1.019 

1.014 

1.037 

1.035 

1.030 

1.027 

1.025 

1.057 

1.047 

1.045 

1.036 

1.036 

12.30 

1.029 

1.024 

1.029 

1.024 

1.019 

1.019 

1.014 

1.031 

1.031 

1.026 

1.024 

1.021 

1.048 

1.044 

1.04l 

1.039 

1.035 

13.30 

1.023 

1.023 

1.023 

1.018 

1.013 

1.013 

1.013 

1.024 

1.021 

1.019 

1.016 

1.014 

1.032 

1.030 

1.027 

1.022 

1.023 

15.30 

1.022 

1.017 

1.022 

1.022 

1.012 

1.012 

1.022 

1.018 

1.020 

1.018 

1.020 

1.018 

1.022 

1.018 

1.020 

1.020 

1.022 

17.30 

1.011 

1.011 

1.011 

1.006 

1.006 

1.006 

1.001 

1.014 

1.011 

1.011 

1.011 

1.009 

1.017 

1.015 

1.010 

1.007 

1.008 

19.30 

1.010 

1.010 

1.010 

1.010 

1.005 

1.005 

1.005 

1.008 

1.008 

1.005 

1.005 

1.003 

1.017 

1.014 

1.012 

1.007 

1.010 

21.30 

1.010 

1.010 

1.010 

1.010 

1.005 

1.010 

1.000 

1.004 

1.007 

1.004 

1.004 

1.002 

1.013 

1.011 

1.009 

1.006 

1.009 

23.30 

1.009 

1.009 

1.009 

1.009 

1.004 

1.009 

.999 

1.006 

1.008 

1.006 

1.006 

1.004 

1.013 

1.012 

1.008 

1.007 

1.010 

25.30 

1.003 

1.003 

1.003 

1.003 

1.003 

1.003 

.998 

1.005 

1.005 

1.002 

1.002 

1.000 

1.011 

1.009 

1.006 

1.004 

1.006 

27.30 

1.013 

1.013 

1.013 

1.013 

1.008 

1.013 

1.008 

1.006 

1.006 

1.006 

1.006 

1.005 

1.009 

1.007 

1.005 

1.002 

1.005 

29.30 

1.003 

1.003 

1.008 

1.003 

1.008 

1.003 

.998 

1.005 

1.005 

1.003 

1.005 

1.004 

1.011 

1.009 

1.008 

1.006 

1.008 

31.30 

1.007 

1.007 

1.007 

1.007 

1.007 

1.007 

1.007 

1.005 

1.005 

1.003 

1.005 

1.004 

1.009 

1.007 

1.004 

1.006 

1.007 

33.30 

1.007 

1.007 

1.007 

1.007 

1.007 

1.007 

1.007 

1.004 

1.004 

1.004 

1.001 

1.003 

1.004 

1.002 

1.000 

1.000 

1.002 

35.30 

1.007 

1.007 

1.012 

1.012 

1.007 

1.012 

1.007 

1.003 

1.006 

1.003 

1.003 

1.002 

1.009 

1.007 

1.000 

1.003 

1.005 


Radial 

station. 

In. 



Mo - ' 

0.70 



Mo = 0.80 

Mq = 0.84 

Inlet velocity ratio 

Inlet velocity ratio 

Inlet velocity ratio 

0.19 

0.29 

0.38 

0.54 

0.72 

0.79 

0.21 

0.28 

0.38 

0.52 

0.67 

0.74 

0.21 

0.31 

0.57 

0.72 

6.30 

1.123 

1.117 

1.112 

1.105 

1.096 

1.094 

1.134 

1.132 

1.126 

1.119 

1.110 

1.108 

1.138 

1.130 

1.117 

1.107 

6.55 

1.126 

1.121 

1.117 

1.109 

1.100 

1.100 

1.138 

1.133 

1.126 

1.122 

1.111 

1.112 

1.X39 

1.133 

1.119 

1.112 

6.80 

1.115 

1.106 

1.102 

1.097 

1.090 

1.090 

1.125 

1.124 

1.117 

1.110 

1.101 

1.101 

1.132 

1.124 

1.108 

1.103 

7.05 

1.102 

1.096 

1.094 

1.087 

1.078 

1.076 

1.113 

1,111 

1.105 

1.098 

1.087 

1.086 

1.120 

1.113 

1.096 

1.089 

7.30 

1.102 

1.097 

1.094 

1.087 

1.078 

1.075 

1.115 

1.U3 

1.106 

1.101 

1.090 

1.090 

1.120 

1.114 

1.0^ 

1.091 

7.80 

1.090 

1.084 

1.081 

1.076 

1.066 

1.069 

1.100 

1.097 

1.092 

1.087 

1.077 

1.077 

1.106 

1.098 

1.084 

1.076 

8.30 

1.087 

1.081 

1.078 

1.070 

1.063 

1.064 

1.100 

1.097 

1.092 

1.083 

1.077 

1.076 

1.106 

1.0^ 

1.084 

1.075 

8.80 

1.079 

1.073 

1.073 

1.068 

1.057 

1.055 

1.089 

1.088 

1.081 

1.077 

1.067 

1.066 

1.093 

1.089 

1.074 

1.066 

9.30 

1.069 

1.066 

1.063 

1.055 

1.049 

1.046 

1.077 

1.076 

1.069 

1.065 

1.058 

1.056 

1.079 

1.074 

1.063 

1.054 

10.30 

1.058 

1.054 

1.052 

1.049 

1.039 

1.037 

1.069 

1.071 

1.062 

1.055 

1.04g 

1.048 

1.074 

1.067 

1.655 

1.047 

U.30 

1.061 

1.055 

1.052 

1.049 

1.042 

1.042 

1.067 

1,065 

1.061 

1.057 

1.049 

1.049 

1.066 

1.061 

1.051 

1.047 

12.30 

1.055 

1.052 

1.051 

1.046 

1.04l 

1.039 

1.068 

1.064 

1.058 

1.055 

1.049 

1.049 

1.066 

1.062 

1.051 

1.048 

13.30 

1.039 

1.034 

1.046 

1.028 

1.023 

1.027 

1.043 

1.040 

1.041 

1.033 

1.028 

1.028 

1.042 

1.033 

1.029 

1.027 

15.30 

1.022 

1.021 

1.021 

1.022 

1.023 

1.027 

1.033 

1.033 

1.031 

1.029 

1.026 

1.033 

1.032 

1.027 

1.022 

1.016 

17.30 

1.021 

1.016 

1.016 

1.015 

1.012 

1.013 

1.012 

1.013 

1.015 

1.004 

.991 

.99s 

1.000 

1.005 

1.005 

1.011 

19.30 

1.025 

1.018 

1.018 

1.015 

1.014 

1.012 

1.023 

1.023 

1.025 

1.017 

1.013 

1.013 

1.026 

1.021 

1.015 

1.014 

21.30 

1.019 

1.016 

1.015 

1.015 

1.012 

1.012 

1.016 

1.016 

1.013 

1.012 

1.008 

1.008 

1.015 

1.013 

1.009 

l.OOA 

23.30 

1.017 

1.014 

1.014 

1.014 

1.010 

1.009 

1.016 

1.015 

1.014 

1.011 

1.008 

1.008 

1.017 

1.014 

1.008 

1.005 

25.30 

1.014 

1.013 

1.013 

1.011 

1.009 

1.007 

1.016 

1.016 

1.012 

1.011 

1.009 

1.009 

1.015 

1.012 

1.008 

1.005 

27.30 

1.008 

1.006 

1.006 

1.006 

1.001 

1.002 

1.009 

1.009 

1.008 

1.006 

1.002 

1.001 

1.012 

1.006 

1.001 

1.000 

29.30 

1.012 

1.009 

1.009 

1.009 

1.006 

1.006 

1.005 

1.005 

1.002 

1.002 

.999 

.997 

1.010 

1.003 

.998 

.997 

31.30 

1.010 

1.008 

1.007 

1.007 

1.004 

1.005 

1.008 

1.009 

1.008 

1.005 

1.004 

1.004 

1.009 

1.010 

1.002 

1.001 

33.30 

1.009 

1.005 

1.005 

1.005 

1.002 

1.003 

1.010 

i.on 

1.008 

1.008 

1.003 

1.004 

1.012 

1.008 

1.003 

1.003 

35.30 

1.009 

1.006 

1.006 

1.004 

1.002 

1.003 

1.011 

1.007 

1.010 

1.007 

1.006 

1.003 

1.012 

1.010 

1.006 

1.002 
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Length of NACA 1-51-117 cowl 
16.38 



See detail ‘A’ 


Note: Dimensions shown in inches. 
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Figure 1.- Model arrangement and duct area distribution. 
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Figure 2.- The model moimted on the 1000-horsepower dynamometer in the 

12-foot pressure wind tunnel. 
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Figure 3»- Close-up of the model showing the blade-shank fairings 
and the total -pressure rakes. 
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Figure 5.- The effect of inlet velocity ratio on the average pressure coefficient in the duct. 


ro 

uo 


NACA RM A54G14 CONFIDENTIAL 



Ram-recovery ratio , (H3-Po)/(Ho-Po ) 


ru 

-p 




I ^ I I 1 I I 1 I 

10 1.4 1.8 2.2 2.6 3.0 


Advance ratio , J 


(a) Mo = 0.20 


(b) Mo = 0.30 


Figure 6.- The effect of advance ratio on the average ram-recovery ratio. 
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1.4 1.8 2.2 2.6 3.0 3.4 3.8 4.2 

Advance ratio , J 


V./Vo 

O 0.25 
□ .34 

O .42 
A .56 
V .72 
> .86 


(c) Mo = 0.40 
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Figure 


(1) NACA l-series E-type cowling , rotating 

(2) NACA l-series E-type cowling , nonrotating (ref. 2 ) 

(3) NACA l-series D-type cowling , platform junctures (ref. 3) 
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(1) Cq^-NACA l-series E-type cowl , rotating 

(2) Cq -NACA l-series E-type cowl , nonrotating 

^ (calculated from data of ref. 2) 

(3) Cq -NACA l-series E-type cowl , nonrotating 

(ref. 2) 
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(c) J = 3.7 

Figure 10.- The effect of inlet velocity ratio on the drag coefficient 
due to the momentum loss in the air flow through the cowl gap (Opg) 
and on the external drag of the cowl (Cp). 
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Figure 11.- The variation of the ratio of cowl-gap weight flow to inlet weight flow with inlet 

velocity ratio. 
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Figure 12.- The effect of advance ratio on the internal flow angle. 
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Figure 15 •- Typical force characteristics of the NACA 1-51-117 rotating E-cowl 
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Figure 15 •- Continued. 
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(b) Mo = 0.84 

Figure l6.- Typical radial distributions of the local velocity ratio in the propeller plane 
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Figure 17**" The effect of inlet velocity ratio and advance ratio on the operating conditions 

for the propeller-hlade-shank fairings. 
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